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Slimmary

An initial review was conducted of the current treatment operations for remediation of groundwater
contaminated with trichloroethene (TCE) at the Fort Lewis Logistics Center. Results from this review
indicate the two pump-and-treat systems are effectively containing the TCE plume within the upper
unconfined aquifer (Vashon Drift). However, mass balance calculations show the existing treatment
systems alone will not accomplish the remedial action objective of cleaning up the aquifer to drinking
water standards within 30 years as specified in the Record of Decision (ROD). This conclusion is based
on the estimated mass of TCE at the source term (51,000 kg), the calculated mass of TCE in the aquifer
(4900 kg), and the removal rate of the pump-and-treat systems that currently ranges from 324 to 667 kg of
TCE per year. Assuming this removal rate remains constant and volatilization is insignificant, it would
require between 76 and 160 years to clean up the aquifer. In practice, however, the extraction efficiency
of the 'pump,-and-treat systems will decrease continuously through time, greatly increasing the actual
cleanup time. Contamination within the lower confined aquifer (Salmon Springs Drift) is not addressed
in this review.

Four areas within the TCE plume have been identified where enhancements could be made to the
existing treatment operations. These are, Area 1 —the vadose zone source, Area 2 — the saturated zone
source, Area 3 — a containment area downgradient of Areas 1 and 2, and Area 4 — the remainder of the
plume. This report lists several remedial technologies including new and innovative (nonstandard)
technologies for these four areas that may help clean up the site to regulatory acceptable levels, shorten
the timeframe for cleanup, or significantly reduce currently estimated Installation Restoration Program
(IRP) life-cycle costs. Based upon the estimated large quantity of TCE associated with the source term, it
is clear the greatest reduction in time for remediation would be obtained by elimination or isolation of the
vadose and saturated zone source terms. Planned characterization activities will likely preclude any

further work in these areas at this time.
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kg
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ug/L
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POL
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dichloroethylene
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Washington State Department of Ecology
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Environmental Protection Agency
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(U.S. Army) Forces Command
grams per cubic centimeter

In Situ Gaseous Reduction System
Installation Restoration Program
kilogram

Liters per kilogram

light nonaqueous phase liquid
micrograms per Liter

milligrams per Liter

mean sea level

nonaqueous phase liquid

Pacific Northwest National Laboratory
petroleum, oil, and lubricants
Record of Decision

Six-Phase Soil Heating

soil vapor extraction
trichloroethane

trichloroethene

U.S. Army Corps of Engineers
vinyl chloride

volatile organic compounds
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1.0 Introduction

The Defense Environmental Restoration Program is continually faced with the problem of allocating
limited Congressionally authorized funds to achieve environmental restoration objectives. The quantity
of work identified by individual Department of Defense (DoD) installations greatly exceeds the level of
funding allocated in a single year. Therefore, DoD must efficiently and effectively assess, prioritize, and

remediate their hazardous waste sites to protect human health and the environment.

Fort Lewis is a U.S. Army Forces Command (FORSCOM) installation located in western
Washington, approximately 10 miles south of Tacoma. The installation Logistics Center was placed on
the National Priorities List in December 1989, as a result of TCE contamination in groundwater beneath
the site (Figure 1.1). A Federal Facilities Agreement (FFA) between the Environmental Protection
Agency (EPA), the Washington State Department of Ecology (Ecology), and the Army was formalized in
January 1990. This FFA. established a procedural framework and schedule for developing, implementing,
and monitoring appropriate response actions at the Logistics Center. A Record of Decision (ROD) was
signed by EPA, Ecology, and the Army in September 1990. The selected remedial action consists of two
pump-and-treat systems to treat groundwater in the upper unconfined aquifer, and further investigation of
the lower aquifer and remaining potential sources of soil contamination. The first system was designed
for plume containment and consists of a series of extraction wells, a treatment facility, and recharge
galleries near the northwestern edge of the site. A second system was designed to contain and remediate
the source area (East Gate Disposal Yard [EGDY]), and facilitate the flushing of secondary groundwater
sources within the high concentration zones beneath the EGDY. )

Fort Lewis requested Pacific Northwest National Laboratory (PNNL) visit the installation and per-
form an initial review the treatment operations at the Logistics Center. From this visit and a review of
supporting documentation provided by Fort Lewis, PNNL has identified enhancement opportunities with
respect to the current treatment operations. Potential enhancement opportunities include identifying
changes to accelerate cleanup/treatment through implementation of enhanced or innovative (nonstandard)
technologies and significantly reducing currently identified site Installation Restoration Program (IRP)
life-cycle costs.

PNNL approached this work in four steps:.
1. An initial data review was performed, including the IRP Action Plan and supporting documentation.

2. A site visit was conducted to review the treatment operations and assess site-specific conditions.
Additional documents, identified in the initial review, were collected.

3. At the conclusion of the initial information review and site visit, discussions were held with

Fort Lewis on enhancement opportunities for accelerated cleanup and reduced costs through the use
of innovative technologies. The outcome of this discussion was to reach consensus on the general
content and format of this report, with the focus on the upper unconfined aquifer.

1.1



4. This report was prepared to document the results of the evaluation of current treatment operations and
subsequent enhancement opportunities.

This report is organized as follows. Background information on disposal practices at the Logistics
Center is given in Section 2.0. Section 3.0 describes the hydrogeologic framework beneath the site.
Section 4.0 contains a source term evaluation. An evaluation of the existing pump-and-treat systems and
areas for enhancing those systems are presented in Sections 5.0 and 6.0, respectively. Innovative
technology options are given in Section 7.0. Conclusions are provided in Section 8.0. References cited in
the text are listed in Section 9.0.

1.2
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2.0 Background

TCE was used at the Logistics Center as a cleaning, degreasing, and hand washing solvent at several
locations and under various conditions. Waste TCE commonly was mixed with grease, oil, and other
petroleum products, as well as soil. This waste material, referred to as POL (petroleum, oil, and lubri-
cants), was typically collected and stored in vats and drums for disposal. TCE use occurred primarily in
Buildings 9580, 9570, and 9500, and over an extensive open area used for vehicle storage (Shannon &
Wilson, Inc. 1986). Use of TCE at the Logistics Center ended in the mid-1970s and was replaced with
trichloroethane (TCA).

The EGDY was used between 1946 and 1960 as an uncontrolled disposal site for waste generated by
the Fort Lewis Mount Rainier Ordinance Depot (now included as part of the Logistics Center) (Shannon
& Wilson, Inc. 1986). Aerial photographs indicate the EGDY was used between 1946 and approximately
1971 (Woodward-Clyde 1997a). Trenches were excavated in the yard and on adjacent land southwest of
the yard, and may have intersected groundwater. Various wastes, including waste TCE and POL, were
disposed of in these trenches. Reliable data regarding the quantity of TCE disposed are not available.
Limited information is available from several interviews conducted by the U.S. Army Corps of Engineers
(USACE) that contain conflicting recollections of past practices. It is estimated that six to eight drums of
waste TCE and POL were disposed of per month from 1946 to 1960. At times, this material was used to
assist in burning other waste materials at the site.

2.1



3.0 Hydrogeologic Framework

The general hydrogeologic profile beneath the Logistics Center is illustrated in Figure 3.1. Some of
the more important features relevant to the site, including the EGDY, the East Gate and I-5 pump-and-
treat systems, and selected wells, are also shown. The geology consists of a sequence of sand and gravel
deposits that make up the Vashon Drift, or upper unconfined aquifer that overlies a sandy clay deposit
known as the Kitsap Formation. The Kitsap Formation acts as an aquitard and overlies a thick sequence
of alternating layers of sand and gravel and finer-grained unconsolidated sediments that make up the
Salmon Springs Drift, or lower confined aquifer. The Salmon Springs Drift extends to a depth of at least
2000 ft (Shannon & Wilson, Inc. 1986).

In general, the sequence of deposits associated with the upper unconfined aquifer is highly variable
and consists of permeable outwash deposits, tills, and nonglacial deposits. Recent deposits and the
Steilacoom Gravels that overlie the Vashon Drift can be locally important and are part of the unconfined
system. The aquifer is continuous across the site, but lateral and vertical changes in texture result in a
highly heterogeneous unit. The total thickness of the aquifer varies with the elevation of the aquifer base
that is formed by the clay of the Kitsap Formation. The thickness of the sand, gravel, and tills that make

up the Vashon Drift vary from 90 to 130 ft across the site. Groundwater flow is generally to the
northwest toward American Lake. With the exception of an erosional window near the center of the
Logistics Center, the Kitsap Formation is believed to effectively isolate the upper unconfined aquifer
from the lower confined aquifer. Flow directions in the lower confined aquifer are more westerly toward
Puget Sound. ’

In the area of the EGDY, the water-table elevation is 270 ft above mean sea level (MSL) or 10 ft
below ground surface (Woodward-Clyde 1997a). As shown in Figure 3.2, the tills within the Vashon
Drift form a local aquitard surface at a relatively high elevation (250 ft MSL) directly beneath the western
portion of the EGDY. This surface slopes broadly downward to 240 ft MSL in the southerly, south-
easterly, and easterly directions. To the north-northwest, it slopes gradually to 245 ft MSL, then more -
steeply to 235 ft MSL to form a trough. Localized groundwater flow directions and the migration of any
dense nonaqueous phase liquid (DNAPL) may be affected by this complex topography within the Vashon
Drift.

Groundwater velocities in the upper unconfined aquifer are estimated to range between 0.03 and
26 ft/day (USACE 1998). At the median groundwater velocity of 1.5 ft/day, groundwater would require
14 years to travel from the EGDY to the I-5 groundwater extraction system (7800 ft). At the maximum
measured velocity, it would require 300 days.

3.1
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4.0 Source Term Evaluation

The mass of TCE that comprises the source term at the Logistics Center is highly uncertain (Shannon - -
& Wilson, Inc. 1986). Recorded information regarding TCE use and disposal at the site is véry limited
and interviews conducted by the USACE resulted in conflicting recollections. Therefore, a three-step
approach was used to assess the magnitude of the problem presented by this site and evaluate the
effectiveness of the current treatment operations in remediating the problem. These steps included
1) determination of TCE mass at the source, 2) determination of TCE in the upper unconfined aquifer
plume, and 3) determination of the mass removal rates by the two pump-and-treat systems.

4.1 TCE Mass at the Source

. -In order to make a determination of the quantity of TCE that might exist as the source term, it was
assumed that one 55-gal drum of the 6 to 8 drums disposed of per month over the 14-year period (1946
through 1960) contained TCE. This assumption results in a total disposal of 51,000 kg of TCE. Although
this estimate is highly uncertain (8 drums would total approximately 400,000 kg), it is useful for
comparison purposes. The other source of uncertainty is related to how much TCE volatilized when it
‘was disposed on the surface or burned.

4.2 TCE Mass in the Upper Unconfined Aquifer Plume

The quantity of TCE that exists in the upper unconfined aquifer plume was estimated using a plume
map from Woodward-Clyde (1997b), which is based on data collected from 27 August 1996 to 3 October
1996 (see Figure 1.1). Using an average aquifer thickness of 60 ft and a porosity of 0.31, an estimated
2446 kg of TCE occurs in the dissolved phase of the plume. The amount of TCE adsorbed to the aquifer
material was estimated by assuming an aquifer bulk density of 1.83 gm/cm® and an adsorption coefficient
(Kq) of 0.17 L/kg, based on a retardation factor of 2 (Shannon & Wilson, Inc. 1986). A TCE retardation
factor of 2 is typical for sand and gravel aquifers with low organic carbon content (Mackay et al. 1985).
With these assumptions, the quantity of TCE adsorbed to the aquifer matrix in the plume is 2455 kg.
Adding the dissolved and adsorbed fraction results in a total quantity of TCE in the aquifer of 4900 kg.
The porosity and bulk density values were estimated from sieve analyses conducted at PNNL® on two
Fort Lewis sediment samples collected at depths of 40 ft from borings located near wells LC-133 and

LC-149.

The TCE mass in the aquifer was also calculated using parameters from previous transport modeling
efforts (USACE 1998). In these calculations, a porosity value of 0.25 was used, bulk density was
assumed to be 2.08 gm/cm’, and the K, value was 0.24 L/kg. These values resulted in 1972 kg of TCE
occurring in the dissolved phase and 3939 kg of TCE adsorbed to the aquifer matrix, for a total of
5900 kg of TCE in the aquifer. This value is 21% larger than the value calculated in the previous

paragraph.

(a) Jim Szecsody, PNNL, personal communication April 1998.
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4.3 TCE Mass Removal Rate by the Pump-and-Treat Systems

The rate of TCE removal from the plume by the pump-and-treat systems can also be estimated using
the mass balance data provided by Woodward-Clyde (1998). For the second year of operation, an
estimated total of 324 to 667 kg of TCE per year was removed (161 to 248 kg from the I-5 system and
164 to 419 kg from the East Gate System).

For comparison, the mass balance components for TCE at the Fort Lewis Logistics Center are listed
in Table 4.1. These results indicate the quantity of TCE that exists in the aquifer in the dissolved phase or
adsorbed to the matrix is approximately 10% of that estimated to have been disposed. During the first
2 years of operation, the pump-and-treat systems have removed approximately 3% of the estimated source
quantity. In the same time period, the pump-and-treat systems have removed between 13 and 27% of the
TCE estimated to be in the aquifer at the start of the pump-and-treat operations.

Table 4.1. TCE Mass Balance at the Fort Lewis Logistics Center

Component Mass (kg TCE)
Source term 51,000
Aquifer 4,900
Pump-and-treat systems 325 to 667 per year

Using the source term estimate in Table 4.1 and the current rate of removal by the pump-and-treat
systems, at least 76 to 160 years will be required to remove all the TCE associated with the source term.
Similar calculations indicate between 7 and 15 years would be required to remove the 4900 kg of TCE
estimated to be in the aquifer at the beginning of pump-and-treat operations, assuming no degradation
occurred in the efficiency of the pump-and-treat operations. However, the extraction efficiency of the
pump-and-treat systems will likely decrease significantly through time as the high concentration portions
of the plume are extracted. This system degradation will require a much longer time ‘to meet the cleanup
goals than estimated. If the source is underestimated, an even longer cleanup time will be required.
These simple estimates for plume cleanup, when adjusted for performance degradation, are not consistent
with either the 30 years specified in the ROD or the 40- to 45-year estimates made with more
sophisticated models and reported in the Two Year Performance Evaluation report (USACE 1998).

4.4 Conceptual Site Model of TCE Transport

After disposal of liquids in the trenches at the EGDY, the conceptual site model of TCE transport
begins with vertical movement of DNAPL through the unsaturated and saturated zones. Subsequent to
disposal to the trenches, DNAPL would drain from the unsaturated zone, leaving residual liquids trapped
on soil grains and in pore spaces. Depending on the rate of vaporization to soil gas and dissolution by
water, residual DNAPL may or may not still remain in the unsaturated zone. Recent soil and soil gas
. concentrations suggest the DNAPL may be depleted from this zone. Planned work is expected to provide
better evidence regarding this issue (Woodward-Clyde 1997a). TCE may also be present dissolved in a
light nonaqueous phase liquid (LNAPL) floating on the water table as a result of co-disposal with the

42



POL. Depending on the amount of accumulated LNAPL, this material (if it exists) could be present for
decades. Dissolution of TCE within an LNAPL phase would reduce its solubility and volatility.

Below the water table, DNAPL would be relatively stable because vaporization will be prevented and
the rate of dissolution will be limited by the solubility of TCE (1600 mg/L) and the movement of water
past the DNAPL phase. The DNAPL may have accumulated in depressions on the local aquitard surface,
potentially forming large masses of material.

Dissolved contamination appears to enter the upper unconfined aquifer at or near the EGDY and
migrates downgradient as a plume, along the axis of the Logistics Center (see Figure 1.1). TCE
concentrations near the EGDY generally range from 500 to >50,000 pg/L. Throughout the main body of
the plume, TCE concentrations range from 100 to 200 pg/L. The TCE concentration at the definable
leading edge of the plume, adjacent to I-5, is 50 pg/L. The leading edge of the plume downgradient
(under Tillicum).is not well-defined. DCE concentrations near the EGDY generally range from 100 to
>500 pg/L, and from 10 to 50 pg/L throughout the main body of the plume. Vinyl chloride concentra-
tions in the upper unconfined aquifer have been below detection in all but two wells, LC-134 and LC-162.

Laboratory data and field experience have suggested that dissolved TCE concentrations in excess of
about 10,000 pg/L are indicative of the existence of DNAPL droplets or pools in the subsurface (Feenstra
and Cherry 1996). Because dissolved aqueous TCE concentrations at well LC-136A exceed 10,000 pg/L
(up to 80,000 pg/L), it is probable that some DNAPL is present in the upper unconfined aquifer near the
EGDY. The presence of subsurface DNAPL generally complicates the cleanup of a contaminated site.

4.3



5.0 Evaluation of Existing Pump-and-Treat Systems

The pump-and-treat systems at the Logistics Center have been in operation since 31 August 1995.
Groundwater monitoring results collected to date suggest the system is containing the TCE plume in the
upper unconfined aquifer and preventing further expansion (Woodward-Clyde 1997a, 1997b; USACE

1998; EPA 1997®). However, based on the

1. mass of TCE in the source term (51,000 kg)
2. amount of TCE estimated in the aquifer (4900 kg)
3. quantity of TCE being removed by the pump-and-treat systems (325 to 667 kg/year)

the pump-and-treat systems alone are not likely to effectively clean up the TCE at this site within the
projected time frame. The remedial action objective of restoring the aquifer to a drinking water source
within 30 years as specified in the ROD will not be met, unless additional remedial activities are
undertaken in the EGDY area to deal with the source term.

Several model simulations have been conducted to estimate the time required for the pump-and-treat
systems to meet cleanup goals (USACE 1998). The results of these simulations indicate a cleanup time
of 40 to 45 years. The model also assumes that a constant concentration at existing contamination levels
is present in the EGDY area, but does not specifically deal with the potential DNAPL source. This
assumption was made because the source term was unknown. As a result, the simulated cleanup times
only address treatment of the existing plume and not the total cleanup problem that must include the
actual source term quantity, its location, and a method for removal or treatment.

(a) Five Year Review Report, Fort Lewis Logistics Center, U.S. EPA, September 1997 (unpublished).
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6.0 Enhancements to Existing Treatment Operations

Four treatment areas have been identified (Figure 6.1) to more easily evaluate the potential for
innovative technology enhancements to the existing treatment operations at the Logistics Center. Area 1
is the vadose zone source at or near the EGDY. Area 2 is the saturated zone source beneath the EGDY.
Area 3 is a containment area downgradient of Areas 1 and 2. Area 4 is the remainder of the upper
unconfined aquifer plume.

6.1 Vadose Zope Source — Area 1

Area 1 is comprised of the vadose zone at or near the EGDY. The EGDY was used from 1946 to
1960 as an uncontrolled waste disposal site. An estimated mass of 51,000 kg of TCE was disposed of in
trenches excavated in the yard and on adjacent land southwest of the yard. Residual DNAPL may be
trapped on soil grains and in pore spaces depending on the rate of vaporization to soil gas and dissolution
by water. Woodward-Clyde (1997a) indicates that, due to its high volatility and the amount of time that
has passed since TCE was last disposed, pure product is probably no longér present in the unsaturated .
zone. TCE was last disposed in the EGDY approximately 25 years ago. Subsequently, only one soil
sample, collected from soil borings taken at 23 different locations within the EGDY, indicated the pres-
ence of free product. Expanded site investigation activities at the EGDY will be conducted beginning in
September 1998 that will focus specifically on the former trench areas (Woodward-Clyde 1997a). This
new characterization data should provide better evidence concerning the significance of TCE in the
vadose zone.

6.2 Saturated Zone Source — Area 2

Area 2 is comprised of the saturated zone within the upper unconfined aquifer immediately beneath
Area 1. The relatively short distance to groundwater (10 f, less the trench depth) indicates it is probable
that nonaqueous phase liquids (NAPL) have migrated to the aquifer at the EGDY. The occurrence of
dissolved TCE at levels greater than 80,000 pg/L near the EGDY (well LC-136A) strongly suggests the
presence of DNAPL in the upper unconfined aquifer. Localized groundwater flow directions and the
migration of DNAPL may be affected by the complex topography of the local aquitard surface. Further
characterization to be conducted by Woodward-Clyde (19972) should provide a better idea of the quantity
and location of the DNAPL. The presence and quantity of DNAPL originating from the EGDY is the
single most important factor governing the longevity of the cleanup at the Logistics Center.

6.3 Containment Zone — Area 3

Area 3 is a containment area within the upper unconfined aquifer downgradient of Areas 1 and 2.
This area is a potential.location for a containment technology (permeable barrier) that could be used to
reduce migration of TCE from Areas 1 and 2 to the rest of the aquifer (Area 4). Planned characterization
work to be conducted by Woodward-Clyde (19972) is expected to allow for a more detailed determination
of the best location for such a barrier. .
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6.4 Remainder of the Plume — Area 4

The remainder of the TCE plume downgradient of Area 3 and within the upper unconfined aquifer
comprises Area 4. Although it is likely that uncontrolled releases of TCE to the ground occurred within
Area 4 in the past, the quantity of material released was probably small relative to that disposed at the
EGDY. In addition, the distance to the aquifer below land surface is greater within Area 4 than at the
EGDY. Therefore, any TCE released to the ground is likely to have partially volatilized. Elimination or
isolation of the source term from Areas 1 and 2 would significantly reduce the time required for
remediation of Area 4.
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7.0 Innovative Technology Options

Table 7.1 provides a list of potentially useful remedial technologies, including new and innovative
(nonstandard) technologies that can treat or remove TCE in the environment. This table may be used to
screen applicable technologies for more detailed study, and to help in assembling potential treatment
trains or systems that incorporate the individual technologies. The technologies have been grouped
according to the four treatment areas (see Figure 6.1). The overall strategy for a site remedy will
determine how each treatment area is managed and, therefore, which technologies are selected.

7.1
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8.0 Conclusions

Using a TCE mass balance approach shows that it is very unlikely that existing pump-and-treat
systems alone will accomplish the remedial action objective of cleaning up the aquifer to drinking water
standards within 30 years as specified in the ROD. This conclusion is based on the estimated mass of
TCE at the source term (51,000 kg), the mass of TCE calculated to be in the aquifer (4900 kg), and the
removal rate of the two pump-and-treat systems (currently 324 t0.667 kg of TCE per year). Assuming
this removal rate remains constant and volatilization is insignificant, it would require between 76 and
160 years to clean up the aquifer. In practice, however, the actual cleanup time will likely increase due to
the continuous decrease in extraction efficiency of the pump-and-treat systems.

Four areas within the TCE plume have been identified for enhancing the existing treatment
operations. Area 1 is the vadose zone source. Area 2 is the saturated zone source within the upper
unconfined aquifer beneath Area 1. Area 3 is a containment area downgradient of Areas 1 and 2. The
remainder of the plume within the upper unconfined aquifer that is downgradient of Area 3 comprises
Area 4. Several remedial technologies, including new and innovative (nonstandard) technologies have
been identified in this report that may help clean up the site to regulatory acceptable levels, shorten the
timeframe for cleanup, and significantly reduce IRP costs. Clearly, the greatest reduction in time for
remediation would be achieved through removal or treatment of the source, based on the estimated TCE
mass disposed in the EGDY. Planned characterization activities will hkely preclude any source-term

remediation at this time,
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